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9INTRODUCTION
In 1978 Finland and the USSR exchanged, under the Finnish
Soviet Working Group on the Protection of the Gulf of
Finland, national information on pollution load discharges
into the Gulf of Finland from the years 1975-1976. This
information was compiled as the first loading report
(Finnish-Soviet Working Group 1979). Since then additional
reports have been published for the years 1977-1979 (Fin
nish-Soviet Working Group 1981) and for the years 1980-
1981 (Finnish-Soviet Working Group 1984).
This report is the fourth in turn and it has been compiled
of the pollution load studies of the Finnish-Soviet Working
Group on the Protection of the Gulf of Finland. The
Group is one of the three working groups of the Joint
Finnish-Soviet Commission on Environmental Protection.
Information for the work has been collected in Finland
in the National Board of Waters and the Environment and
the Meteorological Institute, and in the USSR in the
Academician Fedorov Institute of Applied Geophysics,
Baltic Branch, Estonian SSR and Estonian Water Management
Agency by the Council of Ministries of the Estonian SSR.
The report has been produced in co-operation by experts
from both countries, between and during the regular mee
tings held each year. A symposium covering the topic
and providing an occasion to enhance the exchange of
information was arranged in September 1987 in Tallinn.
Responsible for providing the material and for compiling
the work are Juhani Puolanne, Heikki Pitkänen and Matti
Pietarila from Finland and Ain Lääne, Enn Loigu, Peep
Kuslap and Tiiu Raja from the USSR. The report has been
edited by Heikki Pitkänen and Juhani Puolanne.
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2 THE GULF OF FINLAND AND ITS
CATCHMENT AREA
Waters from an area of 421 000 km2 are drained into the
Gulf of Finland (Table 1, Fig. 1). The coasts of the
Gulf are densely populated and industrialized in both
countries around the sea area. As the catchment area is
also rather intensively cultivated, it is evident that
the loading entering the Gulf has strongly increased
from ite natural level. As a result of this, effects on
the state of the ecosystem are probable both in the coastal
and open waters of the Gulf (Baltic Marine Environment
Protection Commission 1987).
The Gulf of Finland has a sill-free connection to the
Baltic Proper. The sea area is shallow, the average
depth being only 38 m. The Gulf, especially the eastern
part of it, is affected by a strong freshwater inflow from
rivers (Tahle 2). Surface salinity at the entrance of
the Gulf is 6-7 °/ decreasing towards the eastern end
with increasing proportion of river water. The average
direction of surface currents in the. sea area is counter
clockwise due to the Coriolis effect. Locai currents
especially near the coast, can to a large extent be
epiained by geomorphological and meteorolog:Lcai factors.
Loading of nutrients and organic matter primarily affect
productivity and oxygen conditions of coastal waters,
As a resuit of density stratification and the input of
organic matter from the surface layer, oxygen conditions
in waters near the bottom are, however, oftexi poor in
the deep water of the Gulf. Great amounte of nutrients,
especially phosphate, are enriched in th.is water iayer,
Although being excluded frorn the production cycle of the
surface layer, these nutrients can CiSO cause eutrophicati
on under proper weather conditions via upweiling in near
coastal waters.
11
Figure 1. The drainage basin of the Gulf of Finland.
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Table 1-. Morphometrical and hydrological data on the Gulf of Finland
(Falkenmark and ?Iikulski 1974).
Area 29 600 km2
Max depth 123 m
Volume 1 100 km3
Drainage area 421 000 km2
Inflow of river water 117.9 km3/a (1951-60)
108.8 km3/a (1961—70)
Table 2. Data on river basins draining to the Gulf of Finland. The Finnish values
have been extrapolated to correspond to the whole basins.
River Drainage Examined Mean water flow Annual mean flow;
area; km2 part of during investi- km3/a
drainage gation period; 1982 1983 1984
area; % km3/a
F 1 ni and
Virojoki 360 96 0.11 0.12 0.13 0.17
Kymijoki 37 200 98 9.57 11.9 10.1 11.9
Koskenkylänjoki 890 51 0.25 0.28 0.24 0.43
Porvoonjoki 1 270 90 0.37 0.44 0.36 0.62
Mustijoki 785 83 0.23 0.24 0.16 0.36
Vantaanjoki 1 690 100 0.52 0.54 0.35 0.72
Karjaanjoki 2 050 96 0.54 0.59 0.54 0.80
USSR
Neva 281 000 100 79.2 97.5 82.3 85.1
Luga 13 200 100 2.81 3.88 3.44 3.35
Narva 56 200 99 10.9 14.6 13.2 10.6
Jägala 1 580 78 0.42 0.42 0.39 0.46
x) The investigation periods are:
Neva 1859 — 1982 Virojoki 1966 — 1980
Luga 1944 - 1982 Kymijoki 1961 — 1980
Narva 1956 - 1982 Koskenkylänjoki 1961 — 1980
Jägala 1942 - 1982 Porvoonjoki 1963 — 1980
Mustijoki 1966 — 1980
Vantaanjoki 1961 - 1980
Karjaanjoki 1961 - 1980
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3 RIVER DISCHARGES
Mean values of the period 1982-1984 are presented for
organic matter (BOD7, COD), nitrogen (tot.N, N03-N),
phosphorus (tot.P, P04-P) and suspended solids.
The river Kymijoki in Finland was sampled 44-59 times
during 1982-1984, depending on variable (Table 3). The
Rivers Koskenkylanj oki, Porvoonj oki, Vantaa and Karj aanj oki
were sampled about 12 times a year and the Rivers Virojoki
and Mustijoki 4-6 times a year.
In the USSR the River Neva was sampled 36-101 times and
the River Luga 12-34 times during 1982-1984, depending
on the river and variable (Table 3). In other Soviet
rivers, sampies were collected 4-6 times a year, during
the distinctive hydrological periods. In addition, some
small rivers with a total drainage area of 4916 km2 were
investigated. Water flow was measured daily in both
countries.
Material transport calculations were based on mean monthly
concentrations and mean monthly flows in Finland. In
case of missing monthly values, they were replaced by
the corresponding mean value for the whole year. In the
USSR calculations were based on yearly mean values.
According to the calculations, during 1982-1984 the Gulf
of Finland received from rivers, on an average,
5 800 t a of phosphorus, 94 000 t a of nitrogen and
2 800 000 t a of organic matter as COD or 350 000
—1
t a as BOD7 (Table 4, Figs. 2a, b).
When assessing river discharges it should be taken into
account that the pollution loads from e.g. Leningrad
and Narva, situated immediately upstream of the sampling
stations, are inöluded in the river discharges. In the
lower course of the River Kymijoki loads from several
pulp and paper mills are included in the river discharges
as well.
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Table 3. The amounts of chemical analyses from sampies
taken during 1982-1984
River Number of analyses during 1982-1984
BOD7 COD N P Suspended
solids
Finland:
Virojoki (4) 14 15 15 15
Kymijoki 44 58 47 47 59
Koskenkylänjoki 18 37 37 40 39
Porvoonjoki 32 34 34 34 34
Mustijoki (11) 12 12 12 12
Vantaa 33 35 35 35 33
Karjaanjoki 33 34 33 34 33
USSR:
Neva 101 45 90 36 46
Luga 34 30 12 12 18
other rivers 12-18 12-18 12-18 12-18 12-18
4 DIRECT WASTE WATER LOAD
The amounts of treated or untreated municipal and indust
rial waste waters, and the respective loads of BOD7 and
nutrients, discharged directly to the Gulf of Finland,
are given in Table 5.
The total volume of direct sewage and waste water dischar
ges to the Gulf from Finland was close to 600 000 m3 /d,
of which 34 % were industrial waste waters. Most of
the sewage was biological-chemically treated. In 1983 only
0.6 % of the municipal sewage was treated in individual
septic tanks and without centralized treatrnent. In indust
ry, water pollution control was implemented by both process
technical measures and external waste water treatrnent.
From the Finnish side, sewage of sorne 970 000 people living
mainly in Helsinki and the neighbouring towns were dischar
ged through sewers into the Gulf of Finland in 1982-84.
Additionally, the treated sewage of some 400 000 inhabi
tants living further upstream contributes indirectiy to
the river discharges.
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Table 4. River discharges of organic matter. nutriente and suspended solids
to the Gulf of Finland in 1982-1984 (t/a).
River BOD7 COD Tot.N N03-N Tot.P P04—P Suspended
. 4)soi ids
Finland
Virojoki_
. . 2 200 140 49 9.1 3.7 1 800
Kymijoki 30 000 110 000 6 900 2 600 290 65 55 000
Koskenkylänjoki 530 3 100 490 260 33 15 9 300
porvoonjoki 1 600 5 300 1 500 900 77 42 21 000
l4ustijoki
.. 4 200 430
. . 29
.
. 9 500
Vantaa 1 900 7 300 1 500 850 85 45 27 000
Karjaanjoki 650 5 000 580 260 23 8.2 3 300
The reat of the basin 5 300 24 000 4 000 2 600 220 120 62 000
Total 40 000 160 000 16 000 7 500 760 300 190 000
USSR
2)
Neva 248 000 2 000 000 49 000 21 000 3 200 1 500 800 000
Luga 8 900 109 000 7 000 4 800 280 120 17 7003)
Narva 35 000 306 000
.. 9 200 670 290 91 700
Jägala 1 000 17 500 930 600 30 10 3 000
Investigated small
rivere (summarized) 4 800 52 600 4 400 3 000 200 90 21 000
The rest of the basin 17 000 184 000 16 700 10 500 650 310 73 000
Total 315 000 2 670 000 78 000 49 000 5 000 2 300 1 010 000
The whole drainage 350 000 2 800 000 94 000 57 000 5 800 2 6G0
basin of the Gulf of
Finland
1) including the discharges from several pulp and paper sula
2) including the discharges from Leningrad. The nutrient values probably underestimate the
actual loading due to methodological difficulties in sonitoring the Rier Neva below
the City of Leningrad.
3) including the discharges froiu Narva
4) filter pore size 1 m in Finland and 0.45 pm in the USsR
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The River Kymijoki Ofher rivers
Figure 2a. River discharges of organic matter (COD)
and nutrients from Finland during 1970-1984.
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Table 5. Direct waste water load of organic aatter and nutrients
Finland in 1982-1984.
to the Gulf of
Source Waste water 2007 Tot.N Tot.P
volume m3/d t/a t/a t/a
Finland
Municipal discharges:
Helsinki area
Kotka—Hamina area
Porvoo area
Other cornmunities
Industrial discharges:
Pulp and paper industry
in the Kotka—Hamina area
Refinery and petrochernical
industry in the Porvoo area
Other industries
USSR
Municipal discharges:
Tallinn
Vlborg
c.
Industrial discharges:
Pulp and paper industry
in Tallinn
in Viborg
Fertilizer industry
in Maardu
Oil-shale induetry
in Kohtla-Järve’)
Total load to the Gulf of
Finland
329 100 3 270 3430 103
27 000 270 140 15
14 100 150 130 5
24 400 470 230 20
Total load from Finland
394 600 4 160 3 930 143
153 800 14 800 200 34
16 300 310 130 4
31 100 960 28 3
201 200 16 070 358 41
596 000 20 200 4 290 184
325 000 19 700 3800 350
18 000 800 170 22
343 000 20 500 3 970 372
38 000 16 000
39000 3700 1650
28 000 280 100 130
35 500 390 580 16
140 500 20 370 (2 330+) (146÷)
Total load from the USSR 483 500 40 800 (6 300+) (518÷)
1 080 000 61 100 (10 600+) (702+)
including the municipality
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On the Soviet side of the Gulf, the corresponding total
sewage and waste water volume was close to 500 000 m3/d,
of which 29 % were industrial waste waters. About 65 %
of the total amount were mechanical-chemically treated
and 20 % biologically treated.
Of the municipal waste waters from the Soviet side only
the sewage of Tallinn (about 450 000 inhabitants) and
Viborg (80 000 inhabitants) were discharged directly to
the sea. As some 6 million people live near the coast,
mainly in Leningrad, the sewage load is mostly included
in the river discharges. Since 1985 the treatment plant
on Island Belyi (1.5 million m3/d) has been in operation.
At present three biological treatment plants are under
construction in Leningrad - additional treatment plant
of 0,25 million m3/d on Island Belyi, Northern treatment
plant of 1.5 million m3/d and South-Western treatment
- plant of 0.5 mullion m3/d (Veiner 1987).
In Finland, most of the smaller industrial plants for
food, metal, textile and leather processing were connected
to municipal sewage networks. The bigger industrial
plants had, in general, their own separate sewer systems.
The most significant industrial polluters on the Finnish
coast were the pulp and paper industry in the Kotka-Hamina
area and the oil refinery and the petrochemical industry
near the town of Porvoo. In addition, the increasing
nutrient load from fish farming deserves to be mentioned
(see Pietarila and Ruonala 1988).
In the USSR almost ali industrial plants were connected
to municipal sewer systems. The pulp and paper industry
in Taliinn and Viborg and the fertilizer industry in
Maardu had their separate sewer systems.
5 DEPOSITION FROM THE ATMOSPHERE
Since 1979 Finland has had one sea station in operation
on the island of Haapasaari about 30 km off the town of
Kotka for the measurement of airborne deposition. Based
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on the measured data, the average deposition on the Gulf
of Finland was 22 000 tons of total nitrogen and 300
tons of total phosphorus per year in the period 1982-
1984 (Data of the Finnish Meteorological Inetitute).
The estimates, especially those of nitrogen, are close
to those presented for the period 1979-1982 in the earlier
report (N 24 000 t a and P : 400 t a). However,
the representativeness of these values is very doubtful,
on account of only one measuring station for the whole
area.
According to the values given by the Finnish Meteorological
Institute atmospheric loadings of lead and cadmium into
the Gulf of Finland were 300 t a and 6.2 t a, respecti
vely.
6 TOTAL DISCHARGES
The total input to the Gulf of Finland during 1982-84
was estimated to about 6 800 t a of phosphorus,
130 000 t a of nitrogen and 410 000 t a of organic
matter as BOD7 (Fig. 3). The values of phosphorus were
8 % higher and the values of organic matter 18 % higher
than in the previous report, covering the years 1980-
1981. No great changes took place in the total input of
nitrogen,
Rivers were the main source of both organic matter and
nutrients, comprising 85 and 72 % of the total load of
phosphorus and nitrogen, respectively, and 85 % of the
total load of organic matter. At least one half of the
riverine nutrients was in inorganic form, thus being
directly available for primary production during the
productive season. The proportion of inorganic nitrogen
is, however, clearly greater, because a part of the
nitrogen is discharged into the coastal waters in the
form of arnrnonium, discharges of which could not be included
in this report.
It should be ernphasized that iri spite of the water
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protection measures carried out in both countries
(Fig. 4), a large amount of the riverine load stiil
originates from waste waters, especially in the River
Kymijoki in Finland and the River Neva in the USSR. In
the three most loaded Finnish rivers (Kymijoki, Vantaa,
Porvoonjoki) the proportion of waste water phosphorus is
20-30 % of the total annual phosphorus transport, and
30-60 % of the summer period transport (Pitkänen 1988).
Atmosphere seems to be an outstanding source of pollution,
especially as regards heavy metals. According to the
results presented, inputs of lead and cadmium via atmosphe
re into the Gulf of Finland are, for example, one order
of magnitude higher than inputs via the Finnish rivers.
The atmospheric load of nitrogen is also large, being
about 20 % of the total input into the Gulf. It seems
very likely that atmospheric loading of nitrogen has
increased during the recent decades (Järvinen 1986).
7 DISCUSSION
Within the Finnish-Soviet Working Group on the Protection
of the Gulf of Finland information on discharges from
land has been exchanged since the beginning of 1970’s.
After that, analytical methods have been improved -and
the monitoring of discharges has developed. Therefore
the results from the early 1970’s and from the recent
ye-ars are not directly comparable.
The present figures probably underestimate the actual
nutrient -loading, mostly due to methodological difficul
ties in assessing discharges from Leningrad which evidently
is the most significant individual anthropogenic source
of loading by the Gulf of Finland (cf. Skakalsky 1988).
In Finland the calculation method of river discharges
has changed. Results of the earlier calculations, based
on yearly mean values, and the present system, based on
monthiy mean values, are not directly comparable with
each other, and therefore the whole Finnish data has
24
been rehandled (Figs. 2a and 3).
The variations in river discharges are mainly dependent
on hydrological factors in different years, as leaching
from land islargely dependent on runoff (Figs. 2a, b),
Howewer, discharges are naturally also dependent on point
loading into the rivers. In 1975-1976 the runoff and
stream flow were extremely low, whereas in 1977-1979
they were close to the long-term average. In the 1980s
the values have been extremely high. This means that
despite of decreased waste water loading of phosphorus
and organic matter the calculated total discharges of
these substances have increased during 1975-1984.
The effects of various factors with a bearing on material
transport in rivers are rather difficult to separate
from each other. According to the recent studies it seems
that in addition to changes in the point-source waste
water loading of rivers, non-point loading from agriculture
also affects markedly the nutrient transport of rivers
(Maastik and Mets 1988, Rekolainen and Kauppi 1988).
During 1975-1981 the average total discharges of organic
matter (BOD7) and phosphorus remained constant on the
Soviet side. During the 1980s, however, an increase
took place, which obviously was largely due to the in
creased water flows. Due to water pollution control
measures, the proportion of waste water load included in
the river discharges has decreased. Considerable reduc
tions have been reported, for instance, in the waste
water loads into the Jgala and Neva Rivers.
The BOD7-load from pulp and paper industry into the Kymi
joki in Finland decreased considerably in the 1970’s
(nearly 50 % during 1974-1978), due to water pollution
control measures and changes in the volume and quality
of production. A slight decrease has also taken place
during the early 1980s. On the other hand direct phospho
rus discharges from pulp and paper industry have somewhat
increased. Industrial nitrogen discharges have clearly
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decreased from Finland due to water protection measures
in oil refinery and petrochemical industries.
The treatment of municipal sewage has become more effective
in the population centres both on the coast and along
the rivers flowing into the Gulf of Finland from the
Finnish territory. Thus, the transport of phosphorus
and organic matter have on an average decreased during
the 1970s and early l9BQs in the Rivers Kymijoki, Vantaa
and Porvoonjoki, although trends in water flows have
been increasing.
During 1975-1984, and more specifically in the early
1980’s, some positive development in the direct waste
water load has taken place, although an increased number
of inhabitants have been connected to sewer networks and
the industrial activities in both countries have increased
(Fig. 4). Compared with the 2nd and 3rd reports of the
Working Group on the Protection of the Gulf of Finland,
the total direct BOD7 discharges have been reduced by
11 % and phosphorus discharges by 30 %. This reduction
is mainly due to the more effective municipal sewage
treatment (especially BOD7 discharges from the USSR and
phosphorus discharges from Finland) and some ,changes in
industrial production and the use of water in industries.
However, the increase of the total direct loading of
nitrogen is inevitable, because nitrogen rmoval is not
really practiced.
8 FUTURE PERSPECTIVES IN
DISCHARGE ASSESSMENTS
So far, mainly traditional discharge parametres have
been used to describe the pollution load entering the
Gulf of Finland. There is, however, an increasing need
to evaluate and monitor the discharges of harmful substan
ces. Moreover, the origins of loads carried by rivers
need to be decsribed more exactly.
To increase the availability of the assessment of pollution
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discharges to the Gulf of Finland, more emphasis should
be given in the research activities to at least the follo
wing items:
— Discharges of harmful substances. At present, analy
tical methods for most of the harmful substances are
not sufficient for routine monitoring. Monitoring of
riverine heavy metais began in Finland in 1982 but the
results are stiil tentative, giving only the magnitude
of the loading. Industrial heavy metal discharges are
monitored in both countries, but there is lack of infor
mation on municipal discharges in Finland. There is
also an urgent need for knowledge about the discharges
of various halogenated hydrocarbons and petroleum hydro
carbons in river and waste waters as well as in the
atmospheric deposition.
- The effect of sampling frequency on the river transport
and the annual variation in the transport. According
to the recent studies it seems favourable to f ix the
time of sampling according to hydrological conditions
in a river (e.g. Jumppanen and Kolehmainen 1986 , Loigu
et al. 1988). Thus high-flow periods should be much
more frequently sampled than low-flow periods.
- The role of atmospheric inputs. The loading via atmos
phere is important as regards nutrients, but it is of
primary importance as regards heavy metais and other
harmful and toxic substarices. For example, according
to the rough estimates given in this report, the deposi
tion values of Pb and Cd are about 20-30 times greater
than the corresponding riverine discharges from Finland.
- Urban runoff. The magnitude and importance is largely
unknown, but it is probably very important for many
pollution load parameters.
- The net loading of the open sea. Only estimates of
the gross loading of the sea areas are known. Estuarine
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and coastal waters change the pollution load originating
from land both quantitatively and qualitatively.
- The origins of the riverine loading. Relatively little
is known about the primary sources of riverine substan
ces. Especially the role of non-point source loading
is largely unknown. Recently it has been estimated
that 60-70 % of the Finnish riverine nutrient load of
the Gulf of Finland is of agricultural origin.
In cases where there are substantial polluters near
the river mouths, river discharges should be monitored
upstream of point-sources, and loading discharged down
stream should be included in the direct waste water
load to the sea.
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